O ver a 25-year period we have treated 36 patients with osteosarcoma of the pelvis. Of the tumours, 24 (67%) were primary osteosarcomas and 12 (33%) arose either after irradiation or in association with Paget's disease. Six patients had a hindquarter amputation and 12 were treated by a limb-salvage procedure with intrapelvic excision.
Osteosarcoma of the pelvis remains one of the greatest challenges in orthopaedic oncology. 1 The tumours are often large and present late. Many arise secondary to Paget's disease or radiotherapy and are difficult, or impossible, to resect without serious morbidity. These tumours should behave like any other osteosarcoma, but in practice many are chondroblastic and respond poorly to chemotherapy. 2 There is likely to be a similar response to radiotherapy. As a result, we rely on surgical excision for any chance of cure. This is technically challenging, not least because of the difficulties involved in imaging and in the accuracy of definition of the true extent of the tumour before operation. Hemipelvectomy has been the accepted surgical treatment of primary malignant tumours of the pelvic bones for many years. This has cosmetic and functional disadvantages because of the loss of the limb associated with a high rate of morbidity. 3, 4 Improvements in preoperative imaging and adjuvant chemotherapy have allowed the development of several methods for reconstruction of the hip and hemipelvis which give a functional and cosmetically acceptable limb in patients who have had pelvic resection for malignancies. These techniques include iliofemoral and ischiofemoral arthrodesis, surgical pseudarthrosis, reconstruction with pelvic allografts, the use of custom-made endoprostheses, the use of the saddle prosthesis and reimplantation of the excised hemipelvis after sterilisation by autoclaving or radiation. [5] [6] [7] [8] [9] [10] [11] [12] None of these procedures is straightforward and in patients with a poor prognosis extensive surgery is not justified. Nevertheless, failure to resect the tumour leads to inevitable death.
We have reviewed our results of the management of patients with osteosarcoma of the pelvis to try to define groups with good or bad prognostic indicators which may help to decide on treatment.
Patients and Methods
Between 1971 and 1996, 36 patients (5%) were treated for osteosarcoma of the pelvis of a total of 724 patients with osteosarcoma (Table I ). There were 18 women and 18 men with a mean age of 35.3 years (11 to 85) and median of 23 years (Fig. 1) . The tumours were found in the right hemipelvis in 14, and in the left in 22, most commonly in the ilium (18) .
Of the tumours, 24 (67%) were primary osteosarcomas and 12 (33%) arose secondary to another condition. The histological types of osteosarcoma were high-grade intramedullary osteosarcoma in 22 (61%), low-grade osteosarcoma in two (6%) (one being parosteal) and secondary osteosarcoma in 12 (33%) of which two occurred after irradiation, two arose in diaphyseal aclasia and eight were in association with Paget's disease. The two post-irradiation sarcomas occurred in young people, one of whom had received pelvic irradiation 11 years earlier for an ovarian teratoma while the other had had radiotherapy for Ewing's sarcoma of the pelvis nine years previously.
The patients were staged according to the system of the Musculoskeletal Tumour Society. 13 Preoperative studies included plain radiography of the pelvis with MRI or CT of the region around the tumour. A total body technetium bone scan and CT of the chest were carried out before biopsy. All patients had an open biopsy in line with the planned definitive incision. Two patients (6%) were stage 1b, 25 (69%) were stage 2b and nine (25%) were stage 3, with metastatic disease present at the time of diagnosis. Five of 12 patients with secondary osteosarcoma had metastases at diagnosis, compared with four of the 24 with a primary tumour. There were no patients over the age of 50 years who did not have either metastases at presentation or a tumour secondary to some other condition. Most of the lesions were principally in the ilium with nine also invading the sacrum or sacroiliac joint, while four invaded the acetabular area. One tumour just invaded the acetabulum, two were in the pubis/ischium and one in the ischium and acetabulum.
We began to use modern techniques of chemotherapy in 1983. All patients seen since then were offered neoadjuvant chemotherapy consisting of doxorubicin and cisplatin or a high-dose methotrexate regime based on the protocols of the European Osteosarcoma Intergroup in use at the time of treatment.
14,15 Twenty-six patients had chemotherapy before and after operation. Chemotherapy was not given because of advanced age (>65 years) in six patients, low- The age distribution of the 36 patients with osteosarcoma of the pelvis at the time of diagnosis and the number of patients with primary and secondary disease. grade tumour in two patients and advanced disease in one. It was refused by one patient who had a radiation-induced sarcoma. Five of these patients had radiotherapy for palliative treatment. Three patients had neither chemotherapy, radiotherapy nor surgery because of advanced disease. Tumours which were resectable surgically were found in 18 patients. Limb-salvage surgery was carried out if technically possible to obtain both adequate margins of resection and a functional limb. In general, involvement of the sciatic notch or of the femoral vessels by the tumour prevented limb salvage. Intrapelvic excision was used in 12 patients with resection and autograft (fibular strut grafting of the ilium) in four, resection and a prosthesis in one (Fig. 2) and resection alone in three. Four patients were treated by resection of the affected part of the bone, removal of the soft tissue and bulk of the tumour followed by extracorporeal irradiation of the resected area with 90 Gy and reimplantation of the bone. According to the classification system of Enneking and Dunham 4 four of the resections were type I, four type I-II, one type II-III, and three type III (Fig. 3) . Six patients had a hindquarter amputation because of the extent of the tumour which usually meant involvement of the sciatic nerve or iliac vessels. The margins of excision were verified by the pathologist and defined according to the system of the Musculoskeletal Tumour Society. 16 The surgical margins were wide in seven patients, marginal in four and intralesional in seven. The resection margins obtained by hindquarter amputation with three wide and three intralesional were no better than those achieved by limb-salvage surgery in which there were four wide, four marginal and four intralesional. Attempts were made to obtain a wide margin in every case, but this was often impossible without sacrifice of major nerves, vessels or intra-abdominal structures. The intralesional excisions were not always appreciated at the time of surgery and were most common in the margins of bone resection. In these cases further excision was sometimes carried out or radiotherapy given. Surgery was not undertaken because of the presence of metastatic disease in eight patients, age and/or infirmity in four, progression of disease in two and inoperability in two. Overall, 16 patients were considered to have had potentially curative treatment with chemotherapy and an attempt at surgical excision. The remaining 20 only had palliative treatment which usually involved either chemotherapy, radiotherapy or surgery.
Results
The 36 patients have been followed up for between 18 and 194 months. At the latest follow-up, six patients (17%) were free from local or metastatic disease and two (5.5%) were alive with disease, both after resection of pulmonary metastases. These developed in 28 patients (78%), 26 of whom had died at the latest follow-up. Two patients without metastases died, one from septicaemia secondary to chemotherapy-induced neutropenia and the other at operation from massive haemorrhage during an attempt to resect a recurrent radiation-induced sarcoma of the sacroiliac joint.
The overall survival was estimated by the Kaplan-Meier method. 17 The five-year survival rate of patients with pelvic osteosarcoma was 18% (Fig. 4) , for the 16 patients with curative treatment by chemotherapy and surgical excision 41% ( worse prognosis than those with a primary tumour (Fig. 6) . The five-year survival rate of patients with primary highgrade intramedullary osteosarcoma was 24.2% for 22 patients. Of the 12 patients with secondary osteosarcoma none survived for more than 29 months. The survival rate of the patients with high-grade non-metastatic osteosarcoma was 30% at five years. The patients with osteosarcoma secondary to Paget's disease survived for a mean of eight months, as did those who presented with metastases. The survival rate of the patients was examined by age groups. It was 33.3% at five years for the 16 patients who were less than 20 years old, but there were only two survivors in the older age group and both had low-grade tumours. Nine patients had a histological assessment of the effectiveness of chemotherapy. Only two had necrosis of more than 90% and they remain alive, although one has undergone a resection for pulmonary metastases. In the other seven the percentage of necrosis was very disappointing with a mean of 40%, and a survival of 21% at four years. There was no difference in survival between those patients having hindquarter amputation and those with limb-salvage surgery, being 33% and 37% at five years, respectively.
The relationship of the surgical margins to overall survival was significant (p < 0.05). The five-year survival was 61.4% for patients with wide and marginal surgical excision, while it was nil for patients with intralesional excision.
There was a local recurrence in only two of the 18 patients who had surgical excision (11%). One (case 7), with a radiation-induced sarcoma of the ilium, had resection of a sacroiliac joint and a fibular strut graft. After two years she developed local recurrence and at attempted hindquarter amputation she died because of excessive intraoperative haemorrhage. The other local recurrence arose in a patient (case 2) who had re-implantation of the ilium after sterilisation with extracorporeal radiotherapy. She developed pulmonary metastases after 23 months and refused any further treatment. Some months later an occult intrapelvic soft-tissue recurrence was detected. It did not appear to have arisen from the re-implanted bone. Both these local recurrences arose in patients with microscopically positive margins after the first operation and a poor response to chemotherapy. There were no local recurrences in any of the other patients, despite the high incidence of inadequate margins; 11 of 18 patients had marginal or intralesional excisions.
We did not see any pelvic instability in patients who had resection and reconstruction. Four were treated by nonvascularised fibular iliosacral grafts; there was one surgical failure which required re-exploration and repositioning of the graft. Mild sacroiliac pain was present in three patients, but it was not sufficiently severe to necessitate a sacroiliac fusion.
Deep infection developed in one patient with a type I-II resection treated by irradiation and re-implantation of the pelvic bone. The infected graft was resected which left the patient with a flail hip. Superficial infection developed in three patients (16%) and was controlled with antibiotics.
None of the patients with limb salvage had a major nerve palsy. Vascular or urological complications developed in three (16%), but these were minor and were treated conservatively.
Discussion
Pelvic osteosarcoma constitutes 4% to 10% of osteosarcomas of all sites 18, 19 and accounted for 5% of the osteosarcomas treated at our centre. The peak incidence in this series was in the second decade and there was a second peak in the eighth because of Paget's disease. The high incidence of osteosarcoma arising secondary to other conditions (33%) and the high proportion of cases with metastases at presentation (25%) have not previously been noted.
There are only a few published accounts of the outcome of osteosarcoma of the pelvis. 16, [20] [21] [22] [23] [24] The overall survival Cumulative survival of patients with osteosarcoma of the pelvis according to whether they had palliative or curative treatment. Cumulative survival of patients with osteosarcoma of the pelvis according to whether they had primary or secondary disease.
has been variously reported to be between 20% and 47% in non-metastatic high-grade pelvic osteosarcoma. Successful treatment always involves effective chemotherapy and surgical resection of the tumour. There are early reports of successful local control using intra-arterial chemotherapy and radiation without surgical intervention, but the longterm prognosis is uncertain. 23 The ability to obtain a complete surgical resection is critical in the planning of surgery for any patient with a pelvic osteosarcoma. Effective chemotherapy can make this easier to achieve, but the response of pelvic osteosarcoma to chemotherapy is poor, and even with modern techniques a high percentage of necrosis cannot be relied upon. Our rate of 11% of local recurrence in patients after resection is consistent with other reports.
1,6-8, 24 Kawai et al 23, 24 noted
that it was more difficult to obtain a wide margin in tumours involving the sacrum and our observations confirm this. We found that most tumours with frank involvement of the sacrum extended at least to the spinal canal or across to the opposite side and were usually considered to be inoperable because of the high risk of local recurrence. Kawai et al 23 had a local recurrence rate of 32% which tends to confirm this. Hindquarter amputation would be expected to offer a better prognosis if adequacy of surgical resection was the only deciding factor, but this has not been shown to be the case. Not only are the margins of excision with a hindquarter amputation no better but survival is not improved, although these patients may have 'worse' tumours in the first place. Fahey et al 1 noted a high incidence of vascular invasion, particularly in the chondroblastic lesions. We did not identify this as a particular problem, although we are very much aware of this potential complication and agree that in all chondroid tumours of the pelvis careful imaging of the association of the tumour with the great veins is mandatory.
There is a tendency to try to avoid hindquarter amputation, particularly when the prognosis is so poor. The devastating functional and psychological effects of this mutilation should not be underestimated and we reserve this procedure now for patients with a realistic prospect of cure for whom no other reconstructive option is available. It is never acceptable, however, to compromise the margins of resection in order to obtain limb salvage in a potentially curable patient. Involvement of the great vessels or a major nerve by the tumour means that any lesser procedure than hindquarter amputation is unacceptable.
The methods which we have used to reconstruct the pelvis after resection of the tumour are all well known, as are their complications. 25, 26 There is no single solution for every pelvic tumour and various authors have previously described the options for the different sites within the pelvis. Our experience of pelvic endoprostheses has been gratifying, but only one patient in this series proved suitable for its use. 10 The incidence of tumours involving both ilium and acetabulum has resulted in our use of irradiated and re-implanted bone in four patients. This practice has previously been described by Harrington, 9 who had reasonable results in the short term. In our four patients, two died, one became infected requiring removal of the graft and the fourth is well after 2.5 years with a functional score of 85% and has returned to school. It is certainly a technique worthy of further investigation. Osteosarcoma of the pelvis remains a daunting prospect for orthopaedic oncologists. The prognosis is appalling for patients with secondary osteosarcomas and all those with metastases at presentation. Effective chemotherapy combined with complete surgical excision is mandatory to achieve cure. If this can be combined with limb salvage and reconstruction the functional results are likely to be better than after amputation. 27 These rare tumours must be treated in specialist centres with all the resources of a multidisciplinary group working to obtain optimal results.
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